Introduction
The problem of climate change as a result of increased concentration of greenhouse gases (GHG) in the atmosphere due to anthropogenic activities, could become very serious in this century if the energy emission of GHG and tropical deforestation will not be limited and decreased in the near future. A recent report of the Intergovernmental Panel on Climate Change (IPPC) [1] predicts, according to the worst-case scenario, an increase in the average air temperature ranging from 1.1 to 6.4 °C in this century which has the potential to cause irreversible impact on ecosystems, biodiversity, water supply, food and energy industries, economic development and global stability. United Nations Framework Convention on Climate Change (UNFCCC) adopted in Rio de Janeiro in 1992 [2] defined the principles of global action against the climate change while Kyoto Protocol to the Convection defined the obligations of developed (Annex I Parties) and developing countries (Non Annex I Parties) in the period up to 2012. Having ratified the Kyoto Protocol [3] , Serbia as a developing country (Non Annex I Party) has committed to the international co-operation in the field of climate research with the obligation of reporting National Communications to the UNFCCC, but without obligations to reduce GHG emission. The European Union (EU) with Member States (as Annex I Parties of the Kyoto Protocol) have realised lot of significant measures to reduce GHG emission. Besides others, implementation of the Directive 2003/87/EC i. e. European Emission Trading Schema (ETS) is one of the most cost-effective measures for the realisation of the committed GHG reduction obligations. Based on positive example [4] [5] [6] [7] it is clear that Serbia as a candidate for the EU membership will have much to improve of its capacity (to prepare legislation and institutions) for the full implementation of the EU energy-climate package [8] including implementation of the new ETS Directive 2009/29/EC. Therefore, precise annual inventory of the GHG emissions, especially in the energy sector become one of the Serbia's major objectives on its path to EU membership.
Low calorific, open-pit mined lignite is the basic energy source of the Republic of Serbia, with a share of nearly 50% in the total primary energy consumption and over 70% in the power generation. Emissions of CO 2 from lignite combustion have a dominant share of more than 40% in total emission of GHG from anthropogenic sources in Serbia [9] . The biggest lignite consumer at national level, the TPP "Nikola Tesla" of the Public enterprise "Electric Power Industry of Serbia" (PE EPS) are not equipped with adequate on-line CO 2 emission measuring systems. For calculation method of the annual emission of CO 2 besides lignite consumption and its net calorific value, data on carbon content, i.e. carbon emission and oxidation factor i. e. actual combustion conditions are necessary. According to the internationally recommended methodology [10] [11] [12] , first order estimation (Tier 1 method) of the CO 2 emissions by fuel combustion is calculated as the product of the fuel consumption, recommended net calorific value and the default carbon emission and oxidation factor (or default CO 2 emission factor) for each fuel type (commercial fuels, bituminous coal, subbituminous coal, lignite, etc.) which could be acceptable method for most developing countries. But recommended net calorific values for the same coal rank vary between countries. The greatest differences are observed for lignite, where recommended values range from 4.19 MJ/kg (Israel), 5.74 MJ/kg (Greece), 8.89 MJ/kg (the ex-Yugoslavia) to 14.25 MJ/kg (Canada), 14.65 MJ/kg (Russia, Ukraine, Kazakhstan, and Kyrgyzstan), 17.17 MJ/kg (Chile), and 17.94 MJ/kg (France) [10, 11] . However, the recommended value of carbon emission factor (CEF) for lignite is the same for all countries: 27.6 tC/TJ. It is obvious that such a concept of general values, although much simpler and thus more suitable for GHG inventories, could lead to fallacy concerning CO 2 emission, especially in the case of Serbia [13, 14] . Lignite types from the central and south-eastern Europe open-pit mines are also characterized by the significant divergence from recommended values [15] [16] [17] . To overcome such problems, all international guidelines suggest using higher Tier estimation based on country-specific or even district-specific CEF values for coal, if appropriate information is available.
This paper presents first results of the raw lignite samples from Kolubara open pit--mine emission characteristics evaluation which should be systematically recorded in the future according to EU legislative [12] . The linear correlations between the lignite characteristics: net calorific value, hydrogen content, carbon content, and the combustible matter content was experimentally determined, based on laboratory analyses of representative lignite samples prepared as a reference base for the on-line coal quality system implementation [18, 19] . The linear correlation between the carbon content and the net calorific value of the representative raw and dry lignite samples was also experimentally determined. Based on these data the carbon emission factor -net calorific value correlation for the Kolubara lignite was determined and compared with literature data for the similar coal qualities [15, 17] .
Kolubara lignite CEF evaluation
Three open-pit lignite mines have been in service in Serbia: Kolubara (with production up to 30 million tons per annum) [11] , Kostolac (up to 9 million tons), and Kosovo (up to 8.5 million tons). The biggest coal basin is the Kolubara with a total share on the national level of near 64%. The lignite from the open-pit mines is predominantly (as much as 90% of the total annual production) used as a fuel in domestic heat and power generation. Total electric power of thermal power plants within PE EPS, that use raw lignite from Kolubara basin, exceeds 3000 MW with annual power generation up to 20 TWh.
Comprehensive studies of the raw lignite characteristics, from open-pit mines of Kolubara, Kostolac, and Kosovo basin, were made on several occasions during the past 50 years. In general, the Kolubara basin lignite is characterized by the low level of carbonization (at the stadium of the soft brown coal) that is unevenly widespread among the coal fields. Evaluation of the carbon emission characteristics of Kolubara basin lignite presented in this paper, are based on laboratory data from one of the newest studies [18] . Namely, problem of lignite quality oscillations due to complex geological coal profile in Kolubara basin [14] and used high productive mining equipment based on bucket wheel excavators, have to be solved by selective excavation followed by homogenization. For the implementation of modern coal quality system in Kolubara open-pit mine, on-line lignite characterisation (at least moister and ash content determination) is needed. For the on-line coal quality system implementation, 30 representative lignite samples were taken with specific care to the coal sampling in order to ensure the simulation of wide spectra of the lignite qualities that are combusted in the TPP "Nikola Tesla", Obrenovac, Serbia. Samples extraction and selection from the area were lignite will be excavated in at least next 10 years, was based on data from previous geological investigations. Sampling and preparation of the representative samples according to ISO 5069 and ISO 1988 standards was done during the period July-August 2007 from the two largest parts of the Kolubara basin: the western part "Tamnava west field" (20 samples) and from the eastern part "Field D'' (10 samples) and characterised in the accredited (according to ISO/IEC 17025) laboratories of the Vinča Institute of Nuclear Sciences, Belgrade. Besides complete proximate and ultimate analysis of the coal samples, complete chemical analysis of the ash (including macro and micro heavy metals content), ash fusion characteristics and natural radioactive characteristics of the coal samples were determined according to appropriate standards [18] .
According to the results of the proximate analysis, the wide range of the water content (W r = 31-52%), the ash content (A r = 6.9-48.2%), fixed carbon content (C fix r = 5.8--20.4%), volatile content (V r = 14.6-24.5%), combustible (20.9-42.6%), gross calorific value (Q g r = 3813-11594 kЈ/kg), and the net calorific value (Q According to standard procedures, reproducibility of determination of the coal upper heating value is defined as a difference between two serial measurements with results lower than 120 kJ/kg under same conditions, which are conducted by same operator using the same apparatus. Regarding the whole set of samples, reproducibility of Q g r determination was 97 kJ/kg, while standard deviation of the certified reference coal sample upper heating value determination is σ = 62.96 kJ/kg. The values of the reproducibility required by the governing standard, reproducibility achieved for each measured value and standard deviation of the certified reference coal sample laboratory measurements are presented in tab. 2.
Defining the percentage of the combustible content in the raw coal sample as: The experimentally determined dependence between the carbon content and the net calorific value of the representative raw and dry lignite samples (which is more suitable for CEF determination [15, 17] ) from the Kolubara basin is shown in fig. 4 . The linear regression line (with coefficient of correlation R 2 = 0.9969) describing the carbon content versus net calorific value is of the form: 
This correlation is in good agreement with the linear correlations obtained by regression analysis of the numerous data for Czech coals of different quality (ranging from lignite to bituminous coal) [15, 16] :
The correlation (8) Based on statistical data of the quality of Velenje lignite used in TPP "Šoštanj", Slovenia, over a period of several years [17] , correlations similar to eqs. (5)- (8) The correlation (4) for both raw and dried Kolubara lignite is in a good agreement with the correlations given in [15] , especially with the correlation (7) for series C. The same conclusion stands when comparing correlations given by eqs. (4) and (10) .
Experimental data for the samples of raw and dried Kolubara lignite samples, with a wide range of the combustible matter ranging from 20% to 80% including polynomial fit of these data (coefficient of correlation R 2 = 0.9127) is given on fig. 5 . Based on the correlation between the carbon content and the net calorific value (4), a dependency between the carbon emission factor and the net calorific value of Kolubara lignite can also be derived:
The dependency (11) is shown on fig. 6 , together with the experimental data for 30 representative Kolubara lignite (raw and dry) samples. The carbon emission factor is inversely proportional to the net calorific value. Increasing the coal quality (i. e., increasing the net calorific value), the carbon emission factor gradually decreases and at lower heating value Q d = 25 MJ/kg has value of 25.42 tC/TJ. This value for CEF is a bit lower than standard recommended (25.8 tC/TJ) for bituminous coal (but within wider net calorific value Q d = = 24.4-28.7 MJ/kg, [10, 11] ). In comparison to the international standard recommended value of CEF = 26.2 tC/TJ [10, 11] for brown coals derived correlation gives value of 17.18 MJ/kg for the net calorific value.
However, for the raw Kolubara lignite with net calorific value in the range of 6 ≤ ≤ Q d r ≤ 10 MJ/kg, the correlation (11) gives significantly higher values for the carbon emission factor (30.8-28 tC/TJ) compared to the standard recommended CEF value for lignite of 27.6 tC/TJ [10] [11] [12] .
A function derived from eq. (8) for European coals [15] is shown on fig. 6 . It is evident that this correlation gives even higher values for the carbon emission factor than the experimentally determined values for Kolubara lignite. The correlation obtained for Velenje lignite lies practically between these two curves. 
The values of the intercepts and slopes of lines given by eq. (13) and (14) are almost identical, resulting in relative difference of CEF calculated using these equations less than 0.35% in the sub-range of Q d r = 6-10 MJ/kg. For the same sub range of the net calorific values, the relative difference between results of eq. (14) = 10 MJ/kg). Relative difference between values calculated using eqs. (14) and (11) vary between 0.2% and 2.3% in the sub range of interest. According to guidelines [10, 11] , standard recommended net calorific value for the lignite from ex-Yugoslav mines is 8.89 MJ/kg, while standard CEF value for lignite is 27.6 tC/TJ. The value of CEF r obtained for the Kolubara lignite samples using eq. (11) is 28.52 tC/TJ while the eq. (14) result in 29.17 tC/TJ. Thus, local CEF value exceeds the internationally recommended one by 3.2% and 5.69% consequently.
Averaged lignite quality from the Kolubara open-pit mine combusted in the boilers of TPP "Nikola Tesla", is usually of considerably low heat content Application of the obtained results for carbon emission factor (eq. 14) for Kolubara lignite will increase precision and absolute value of calculated emission of CO 2 from TPP "Nikola Tesla" compared to recommended value by Tier 1 method [10] [11] [12] . Further verification of these results are expected in the future through frequent sampling (every charge of 20,000 t at least) and characterisation of the lignite quality in the accredited Laboratory according to the prescribed monitoring and verification process for the annual CO 2 emission values from TPP "Nikola Tesla" necessary for the ETS implementation [12] .
Conclusions
International recommended methodologies for GHG emission inventories suggest development and application of more precise data base of local fossil fuels emission characteristics, if such data are generated by accredited Laboratories according to international standards. According to that, carbon emission characteristics of the local low-calorific lignite recovered from the Kolubara basin with the highest annual production in Serbia (30 Mt per year, dominantly used for power generation) are evaluated. Thirty representative Kolubara lignite samples selected to represent wide spectra of lignite quality that is presently and will be in the next 10 years combusted in thermal power plants are extracted, sampled and prepared for laboratory analysis according to ISO 5065 and ISO 1988. Performed (according to appropriate international standards) proximate and ultimate laboratory analysis of the representative Kolubara lignite samples reviled expected wide range of lignite quality and generated excellent data base for the regression analyses.
The correlation analysis generated linear regression with high correlation coefficients (R 2 ≥ 0.99) for: net calorific value, carbon content, and hydrogen content, all as linear functions of combustible matter content in the raw coal samples, which are valid for samples from both the eastern and the western area of Kolubara basin and for their mixtures. The linear regression for the carbon content vs. the net calorific value in the representative lignite (raw and dry) samples was derived too. The correlation is found to be in good agreement with the appropriate linear correlations obtained by the regression analysis of numerous data for Czech coals of different quality and Velenje lignite. Based on the correlation between the carbon content and the net calorific value for lignite from Kolubara basin, a dependency between the carbon emission factor (CEF) and the net calorific value was defined. The results of the CEF evaluation, fig. 6 and eq. 11, indicate that raw lignite from Kolubara basin has significantly lower net calorific value and higher CEF value in comparison to those recommended by the IPCC Tier 1 method. For the raw lignite from Kolubara basin with the net calorific value in the range 6 ≤ Q d r ≤ 10 MJ/kg, linear correlation, fig. 7 and eq. 14, is recommended for corresponded CO 2 emission calculation with high precision. Further verification of these results is expected in the future through frequent sampling and characterisation of the lignite quality in the accredited Laboratory.
Besides lignite quality characterization, experimental determination at the site of the oxidation factor is needed too, as preliminary results at boilers in TPP "Nikola Tesla" indicate much lower value compared to recommended one (0,98 [10, 11] 
